This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) 



J 



Europaisch s Patentamt 
European Patent Office 
Office europeen des brevets 



(id 



EP1 205 913 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) IntCI. 7 : G11B 5/584 


15.05.2002 Bulletin 2002/20 




(86) International application number: 


(21) Application number: 99905214.5 


PCT/JP99/00689 


(22) Date of filing: 17.02.1999 


(87) International publication number: 




WO 00/49605 (24.08.2000 Gazette 2000/34) 


(84) Designated Contracting States: 


• ISHII, Takashi, Kao Corporation 


DE GB 


Haga-gun, Tochigi 321-3426 (JP) 


(71) Applicant: QUANTUM CORPORATION 


(74) Representative: Charig, Raymond Julian 


Milpitas, CA 95035 (US) 


Eric Potter Clarkson, 




Park View House, 


(72) Inventors: 


58 The Ropewalk 


• OKUDA, Shinsuke, Kao Corporation 


Nottingham NG1 5DD (GB) 


Haga-gun, Tochigi 321-3426 (JP) 





(54) METHOD OF WRITING SERVO SIGNAL ON MAGNETIC TAPE 



(57) A method of writing servo signals on magnetic 
tape which comprises making a single laser beam (15) 
pass through a diffraction element (14) to split it into a 
plurality of beams (16) traveling in prescribed directions 
and then making the plurality of beams (16) pass 
through an optical convergence system (21) to form 



converged beam spots on a site of a magnetic tape (1 ) 
which is capable of forming servo tracks, the magnetic 
tape (1) being running at a prescribed speed, to cause 
the site to change physically or chemically thereby form- 
ing a plurality of servo tracks (S) in the longitudinal di- 
rection of the tape simultaneously. 
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D scription 
Technical Field: 

[0001 ] The present invention relates to a method and 
an apparatus for writing servo signals on a magnetic 
tape, by which a large number of servo tracks having a 
small pitch can be formed at a time. 

Background Art: 

[0002] One of means for increasing the recording ca- 
pacity of a magnetic tape is to increase the density of 
data tracks. However, as the track density increases, the 
distance between adjacent data tracks is shortened, 
and it becomes more likely that the magnetic head 
strays off the right position during data recording or re- 
production, failing to keep accuracy of recording or re- 
production. In order to achieve accurate recording or re- 
production by preventing such positional deviation from 
happening, various servo tracking systems have been 
proposed. 

[0003] One of the servo tracking systems for magnetic 
tape that has been proposed is forming servo tracks cor- 
responding to servo signals on a magnetic tape mag- 
netically or by mechanical stamping. According to this 
system, the smaller the distance between servo tracks 
formed, the more accurate the servo control. To achieve 
this, however, a complicated or large-sized apparatus is 
required for servo signal writing, which is followed by an 
increased production cost. 

[0004] Accordingly, an object of the present invention 
is to provide a method and an apparatus for writing servo 
signals on a magnetic tape which will make it possible 
to form a large number of servo tracks at a small pitch 
simultaneously. 

Disclosure of the Invention: 

[0005] The present invention accomplishes the above 
object by providing a method of writing servo signals on 
a magnetic tape, which comprises making a single laser 
beam pass through a diffraction element to split it into a 
plurality of beams traveling in prescribed directions and 
then making the plurality of beams pass through an op- 
tical convergence system to form converged beam 
spots on a site of a magnetic tape which is capable of 
forming servo tracks, the magnetic tape being running 
at a prescribed speed, to cause the site to change phys- 
ically or chemically thereby forming a plurality of servo 
tracks in the longitudinal direction of the tape simulta- 
neously. 

[0006] The present invention also provides an appa- 
ratus for writing servo signals on a magnetic tape, which 
is preferably used to carry out the above-mentioned 
method, which comprises a system for running a mag- 
netic tape, a light source system for splitting a single 
laser beam into a plurality of beams, and an optical sys- 



tem for forming the plurality of beams into converged 
beam spots aligned at a prescribed interval on a pre- 
scribed site of the magnetic tape, wherein the light 
source system has a light source emitting the laser 

5 beam and a diffraction element which splits the laser 
beam into a plurality of coplanar beams making equal 
divergent angles with each other, the diffraction element 
being disposed so that the direction in which the con- 
verged beam spots are aligned and the running direction 

10 of the magnetic tape may make an angle larger than 0° 
and smaller than 90°. 

Brief Description of the Drawings: 

15 [0007] 

Fig. 1 schematically illustrates an embodiment of 
the servo signal writing apparatus which can be 
used to carry out the method of the present inven- 
20 tion. 

Fig. 2 schematically shows the way of a laser 
beam's being split by a diffraction element. 
Fig. 3 is a schematic plan view of a magnetic tape 
on which servo tracks are being formed. 

25 

Best Mode for Carrying out the Invention: 

[0008] The present invention will be hereunder de- 
scribed with reference to its preferred embodiment by 

30 way of the accompanying drawings. Fig. 1 schematically 
illustrates an embodiment of the servo signal writing ap- 
paratus which can be used to carry out the method of 
the present invention. The apparatus shown has a mag- 
netic tape running system (not shown), a light source 

35 system 1 0, and an optical system 20. 

[0009] The magnetic tape running system comprises 
a feed reel having a magnetic tape, on which servo 
tracks are to be formed, wound therearound, a take-up 
reel for taking up the fed magnetic tape, and a driving 

40 means for revolving these reels. These members are 
set to make magnetic tape 1 run in direction A. Such a 
running system has the same mechanism as that in a 
conventional magnetic tape recording and reproducing 
drive. While not shown, the running system also has a 

45 means for regulating either edge of the running magnet- 
ic tape 1 , by which fluctuation of the running magnetic 
tape 1 in the width direction may be prevented thereby 
to keep the distance from that edge to each servo track 
constant. 

so [001 0] The light source system 1 0, which is to split a 
single laser beam 15 into a plurality of split beams 16, 
comprises a light source 11 for emitting a laser beam, a 
beam expander 12, an anamorphic prism 13, and a dif- 
fraction element 14. 

55 [001 1 ] Various lasers can be used as the light source 
1 1 . A pulse laser is preferably used to minimize the dam- 
age to the thin magnetic tape, which is the object of laser 
machining. Pulse lasers that have a sufficient output and 
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are relatively inexpensive include the second harmonic 
waves of a YV0 4 laser, a YAG laser and a YLF laser, 
etc. It is particularly preferred to use a YV0 4 laser that 
is capable of high frequency drive and short pulse os- 
cillation to minimize the damage to the magnetic tape. 
[001 2] The beam expander 1 2 is to expand the diam- 
eter of the laser beam 15 emitted from the light source 
11 thereby to reduce the diameter of converged beam 
spots 22 which are finally formed on the magnetic tape 
1 . The anamorphic prism 1 3 is to make the circular beam 
form of the laser beam 1 5 expanded by the beam ex- 
pander 12 into an elliptic beam form for obtaining a pat- 
tern of elliptic dots. 

[0013] The diffraction element 14 receives the laser 
beam 1 5 and lets it pass therethrough to split it into a 
plurality of beams 16, 16 ... traveling from the position 
of passage in prescribed directions. Such a diffraction 
element is of a beam splitting type. The pattern formed 
by the split laser beams includes a dot-line in which 
beams are aligned in a straight line, a dot-matrix in which 
the beams are arranged in a matrix, a multi-line made 
of a plurality of lines, a cross, and concentric circles. To 
form a number of servo tracks at a time, a dot-line type 
or a dot-matrix type diffraction element is preferably 
used. The present embodiment uses a dot-line type dif- 
fraction element by which an incident laser beam 1 5 is 
split into a plurality of beams which are coplanar, making 
equal divergent angles with each other as shown in Fig. 
2. 

[0014] The optical system 20 is constructed of an op- 
tical convergence system. The plurality of split beams 
1 6 obtained by splitting the laser beam 1 5 by the diffrac- 
tion element 14 of the light source system 10 are con- 
verged through this optical system 20 to form simulta- 
neously as many converged beam spots 22 on the mag- 
netic tape 1 in a site capable of forming servo tracks. 
The optical convergence system has a condenser lens. 
A condenser lens capable of providing a flat focal plane, 
for example, an fe lens, an anamorphic condenser lens, 
or a spherical condenser lens, can be used. In this em- 
bodiment, an fe lens is used for its capability of forming 
servo tracks over a wide range in the width direction of 
the magnetic tape 1 through a single operation. 
[0015] An fe lens is capable of preventing the focal 
plane from curving according to the angle of incidence 
upon the lens to provide a flat focal plane over a broad 
range. In particular, an fe lens is extremely effective in 
forming servo tracks over a range of 1 mm or more, es- 
pecially 5 mm or more, in the width direction of the mag- 
netic tape through a single operation. The details of an 
fe lens are described, e.g., in Laser Kyokai (ed.), Laser 
Ohyo Gijutu Handbook (5th Ed.), Asakura Shoten, Aug. 
10, 1991. 

[0016] The method of forming servo tracks on the 
magnetic tape 1 by use of the above-described appara- 
tus is described below. The light source 11 for a laser 
beam 15 in the light source system 10 shown in Fig. 1 
oscillates to generate a single laser beam 1 5 having a 



prescribed pulse width. The oscillation wavelength of 
the laser beam is selected appropriately according to 
the material making the site of the magnetic tape 1 which 
is capable of forming servo tracks and the like. From the 

5 standpoint of the cost of the laser and reliability, a wave- 
length of 532 nm is usually used. The laser beam 15 
usually has a diameter of 0.1 to 1 mm. The energy of 
the laser beam 15 per pulse is preferably 1 to 100 nJ, 
particularly 5 to 50 nJ, for a single dot pattern, taking 

10 into consideration capability of forming a requisite and 
adequate dot pattern for servo tracking without doing se- 
rious damage to the magnetic tape. From the viewpoint 
of productivity the frequency is preferably as high as is 
consistent with stability of the laser output. Specifically, 

is a preferred frequency is 1 to 1 00 kHz, particularly 20 to 
50kHz. The pulse width is preferably as small as possi- 
ble to suppress damage to the tape. Specifically, a pre- 
ferred pulse width is 1 to 100 ns, especially 5 to 20 ns. 
[001 7] After the laser beam 1 5 has been expanded to 

20 a prescribed diameter by the beam expander 1 2, the cir- 
cular beam form of the laser beam 1 5 is configured into 
an elliptic form by the anamorphic prism 13. The mag- 
nifying power of the beam expander 12 is preferably 
about 4 to 40, and the ratio of contraction (aspect ratio) 

25 by the anamorphic prism 13 is preferably about 1:1 to 
1:10. 

[001 8] The laser beam 1 5 having been so conf igu red 
through the anamorphic prism 1 3 then enters the diffrac- 
tion element 14 of dot-line type. Having passed through 
30 the diffraction element 1 4, the laser beam 1 5 is split into 
a plurality of split beams 16, 16 ... which diverge co- 
planarly at equal divergent angles with each other as 
shown in Fig. 2. 

[0019] The divergent angle 6 among split beams 16 
35 obtained by the dot line type diffraction element 1 4 de- 
pends on the pattern period of the diffraction element. 
Too narrow or too wide a divergent angle e results in 
non-uniformity in output among the split beams. A pre- 
ferred divergent angle 6 is about 1 to 100 mrad. The 
to number of beams into which the laser beam 1 5 is split, 
being related to the divergent angle e, is preferably 
about 15 to 300 for making a great number of servo 
tracks at a time. 

[0020] Each split beam 16 incident on an fe lens 21 
45 as a condenser lens of the optical system 20 is con- 
verged while passing therethrough, whereby converged 
beam spots 22 corresponding to the respective split 
beams 1 6 are simultaneously formed on the site, which 
is capable of forming servo tracks, of the magnetic tape 
50 1 running at a prescribed speed. From the standpoint of 
productivity, the running speed of the magnetic tape 1 
is preferably as high as possible but, with the ability of 
the running system being taken into consideration, a 
practically suitable speed is about 1 to 5 m/sec. 
55 [0021] Since the fe lens makes the focal plane of the 
converged beam spots 22 flat as stated previously, the 
converged beam spots 22, 22 ... are aligned straight at 
a prescribed interval on the above-described site of the 
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magnetic tape 1 . In the present embodiment where the 
laser beam 15 is split by the dot-line type diffraction el- 
ement 14, alignment of the converged beam spots 22 is 
at a regular interval. The spacing between every adja- 
cent converged beam spots 22 and 22 is decided by the 
product of the focal length f of the f9 lens and the diver- 
gent angle 9 (rad) of the laser beam 15 split by the dif- 
fraction element 14, i.e., f x 9. The spacing between the 
converged beam spots 22 and 22, which can be adjust- 
ed by properly selecting the f9 lens and the diffraction 
element 14, is preferably 1 \im to 5 mm, particularly 3 
u.m to 2.5 mm. The focal length f of the f9 lens is prefer- 
ably about 1 0 to 50 mm, and the aperture of the f9 lens 
is preferably about 1 5 to 1 00 mm. 
[0022] The site of the magnetic tape 1 on which the 
converged beam spots 22 are formed undergoes a 
physical or chemical change to form a plurality of servo 
tracks along the longitudinal direction of the tape at a 
time. For making a plurality of servo tracks over a wide 
range in one operation, it is preferred for the focal plane 
to extend over a width of 1 to 1 5 mm in the width direction 
of the magnetic tape 1 . The form of the individual con- 
verged beam spots 22 formed on the site is preferably 
a circle having a radius of about 0.5 to 5 um or an ellipse 
having a major or minor axis falling within that range. In 
the present embodiment, since the laser beam 15 has 
its form configured into an ellipse by the anamorphic 
prism 13, the form of the converged beam spots 22 is 
also elliptic. 

[0023] The alignment direction of the converged 
beam spots 22 may be at right angles with the running 
direction of the magnetic tape 1 or be tilted so that these 
directions forms an angle larger than 0° and smaller 
than 90°. The alignment direction of the converged 
beam spots 22 can be changed appropriately by adjust- 
ing the direction of arrangement of the diffraction ele- 
ment 14. 

[0024] When the diffraction element 1 4 is arranged so 
that the converged beam spots 22 alignment direction 
and the magnetic tape 1 running direction may make a 
right angle, the pitch Ps of the formed servo tracks is 
equal to the spacing Pb between converged beam spots 
22 and 22. On the other hand, when the diffraction ele- 
ment 1 4 is arranged so that the converged beam spots 
22 alignment direction B is tilted making an angle of a 
with the magnetic tape running direction A as shown in 
Fig. 3, the pitch Ps of the formed servo tracks S and S 
is equal to Pbs/not. This means that the pitch Ps of the 
formed servo tracks S and S is sina times the spacing 
Pb of the converged beam spots 22 and 22, that is, a 
plurality of servo tracks S may be formed simultaneously 
at a smaller pitch. The angle a can be set appropriately 
according to the spacing Pb between the converged 
beam spots 22 and 22, the pitch Ps between the formed 
servo tracks S and S, and the like. 
[0025] The dot pattern of each servo track S is dis- 
crete and linear in the longitudinal direction of the mag- 
netic tape 1 as shown in Fig. 3. The dot shape of adja- 



cent servo tracks may be the same or different. It is not 
always necessary to form the servo tracks over the 
whole length of the magnetic tape 1 . 
[0026] An exemplary magnetic tape to which the 
5 method of the present invention is applied and usage of 
servo tracks formed on that magnetic tape will be ex- 
plained briefly. The magnetic tape comprises a sub- 
strate, a magnetic or nonmagnetic intermediate layer 
formed on the substrate, and a magnetic layer provided 
on the intermediate layer as a top layer. The substrate 
has on the other side a backcoating layer. The magnetic 
layer has formed thereon a plurality of data tracks in par- 
allel to the magnetic tape running direction. In order to 
reduce the influences on magnetic recording, it is pre- 
ferred, but it not limitative, to use the backcoating layer 
as the site capable of forming servo tracks. Any other 
layer or the substrate may be used, or a dedicated site 
may be provided separately. 

[0027] On forming the converged beam spots 22, the 
site capable of forming servo tracks forms a dot pattern 
corresponding to servo signals, that is, servo signals are 
written on that site, to produce an optical contrast with 
the non-irradiated part. While not limiting, the means of 
forming an optical contrast with the dot pattern includes 
(1 ) formation of depressions having a prescribed depth 
on the surface of the site, for example, the backcoating 
layer by irradiation with the converged beam spots 22 
(physical change) and (2) incorporation into the site a 
substance capable of color change on receipt of the con- 
vergent spots 22 (chemical change). 
[0028] When the above-described magnetic tape is 
used, a multichannel head unit having a predetermined 
number of magnetic heads is moved across the mag- 
netic tape, switching among data tracks, to record or re- 
produce data on the data track corresponding to each 
magnetic head. Servo tracking for the head unit is car- 
ried out based on the servo tracks formed on the mag- 
netic tape so that each magnetic head may be posi- 
tioned on a right data track when a switch is made 
among the data tracks or during recording or reproduc- 
tion. For example, the servo track pattern is irradiated 
with light of prescribed wavelength, and the reflected 
light or transmitted light is detected to optically read the 
servo signals. Servo tracking is carried out based on the 
read servo signals in the same manner as a push-pull 
method, etc. that is conventionally used in the field of 
optical disks, etc. 

[0029] The present invention is not limited to the 
above-described embodiment. For example, the dot- 
line type diffraction element 24 used in the above em- 
bodiment can be replaced with a dot-matrix type diffrac- 
tion element. Where the focal plane is relatively small, 
an anamorphic condensing lens can be used as a con- 
densing lens 21 in place of the fO lens. Further, the cir- 
cular laser beam 15 may be converged as it is without 
being converted to an elliptic beam. 
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EXAMPLE 1 

[0030] Servo tracks were formed on a magnetic tape 
by the use of the apparatus shown in Fig. 1 . The mag- 
netic tape comprised a 6 u.m thick polyethylene tereph- 
thalate substrate having formed thereon a 1 .5 urn thick 
magnetic intermediate layer and a 0.2 u.m thick upper- 
most magnetic layer in this order and having formed on 
the back side thereof a 0.5 urn thick backcoating layer 
and had a width of 12.7 mm. The servo tracks were 
formed on the backcoating layer of the magnetic tape 
under the following conditions. 

(1) Light source 

Solid state pulse laser YV0 4 
Oscillation wavelength: 532 nm 
Beam diameter: 0.7 mm 
Average output 1 .2 W 
Frequency: 50 kHz 
Pulse width: 10 ns 

(2) Beam expander 
Magnifying power: 1 6 

(3) Anamorphic prism 
. Aspect ratio: 1 :5 

(4) Diffraction element 

Equally spaced-dot type 
Divergent angle: 1 mrad 
Number of split beams: 100 

(5) Condenser lens 
f0 lens 

Range of focal plane: 13 mm 
Aperture: 61 mm 
Focal length: 35 mm 

Converged beam spot configuration: ellipse (3 
nm x 8 u.m) 

[0031] Servo tracks were formed on the backcoating 
layer of the magnetic tape under the above-described 
conditions with the direction of the diffraction grating be- 
ing adjusted so that the converged beam spots aligned 
at a regular interval (35 mm x 1 mrad = 35 u.m) might be 
tilted at an angle of 34.8° with the magnetic tape running 
direction as shown in Fig. 3. The running speed of the 
magnetic tape was 5 m/sec. As a result, there were 
formed simultaneously servo tracks in the longitudinal 
direction of the magnetic tape and over a width of about 
2 mm in the direction of the tape width, each servo track 
being made in a pattern of dots having a width of 2 u.m, 
a length of 6 urn, a spacing of 100 u.m between dots in 



the tape length direction and a track pitch of 20 u.m in 
the tape width direction. 

Industrial Applicability: 

5 

[0032] According to the present invention, a large 
number of servo tracks can be formed on a magnetic 
tape at a small pitch simultaneously and easily. There- 
fore, the magnetic tape produced according to the 
w present invention is capable of servo control with im- 
proved accuracy, and it is possible to increase the data 
track density, which will increase the recording capacity. 



is Claims 

1 . A method of writing servo signals on magnetic tape 
which comprises making a single laser beam pass 
through a diffraction element to split it into a plurality 
20 of beams traveling in prescribed directions and then 
making said plurality of beams pass through an op- 
tical convergence system to form converged beam 
spots on a site of a magnetic tape which is capable 
of forming servo tracks, said magnetic tape being 
25 running at a prescribed speed, to cause said site to 
change physically or chemically thereby forming a 
plurality of servo tracks in the longitudinal direction 
of the tape simultaneously. 

30 2. The method of writing servo signals on magnetic 
tape according to claim 1 , wherein said optical con- 
vergence system comprises an f9 lens. 

3. The method of writing servo signals on magnetic 
35 tape according to claim 1 , wherein said laser beam 

is split by said diffraction element into a plurality of 
coplanar beams making equal divergent angles 
with each other, and said beams, while passing 
through said optical convergence system, are 
40 formed into said converged beam spots aligned at 
a prescribed interval. 

4. The method of writing servo signals on magnetic 
tape according to claim 3, wherein said converged 

45 beam spots are formed in such a manner that the 
direction in which said converged beam spots are 
aligned and the running direction of said magnetic 
tape make an angle larger than 0° and smaller than 
90°. 

50 

5. An apparatus for writing servo signals on a magnet- 
ic tape which comprises a system for running a 
magnetic tape, a light source system for splitting a 
single laser beam into a plurality of beams, and an 

55 optical system for forming said plurality of beams 
into converged beam spots aligned at a prescribed 
interval on a prescribed site of said magnetic tape, 
wherein said light source system has a light source 
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emitting said laser beam and a diffraction element 
which splits said laser beam into a plurality of co- 
planar beams making equal divergent angles with 
each other, said diffraction element being disposed 
so that the direction in which said converged beam 
spots are aligned and the running direction of said 
magnetic tape may make an angle larger than 0° 
and smaller than 90°. 
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